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ABSTRACT
The paper discusses simple methods of estimating fish yield
from small reservoirs and establishes twojndices of fish
yield based on:-
(i) the relationship between the catch per boat in
artisanal commercial fish landing and the catch
per unit effort in experimental gill-net survey
and also,
(ll) the relationship between standing crop of fish
in reservoirs and catch per unit effort in
experimental gill-net survey.
The paper then elaborates on the methods of utilizing these
simple relationships in managing small reservoirs based on
the principle of exlcusive fishing right licence with the
objective of attracting investors into this viable inland
fishery investment project hitherto untapped.
INTRODUCTION
The creation of States and establishment of River Basin
Authorities in the country have given rise to series of
rural development schemes in the form of agricultural
development, which necessitate the storage of water in
small to medium size reservoirs. Ita et al (1985) have
listed all suCh reservoirs in all the States of Nigeria
stating their location, surface area and ownership. Wi;:h
the exception of some reservoirs owned by River Basin
Authorities in the country, with some Fishery Development
Schemes as one of their major objectives, none of the
other agencies that construct reservoirs have any fishery
.development objectives in their proposal.
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Ita eA al (1932) noted that even in the cases of some
rese7:/eIrs owned by River Basin Athorities where the
feasibility report indicated substantial fishery benefits,
the participation of fishery experts often come much too
late in the planning process thus, fishery problems are
not usually considered in the engineering design or
provided for in the basin development plans.
One pessible reason why fisheries development is not always
included in reservoir projects plans is that most fisheries
feasibility reports do not always express the benefits to
be derived from reservoirs in economic terms besides
indidating the possible tonnage of fish to be produced.
Most policy makers and decision takers for reservoir
projects are not usually conversant with the market value
of fish and hence the conversion ratio of fish tonnage into
NE,ira and Kobe. They are of course familiar with converting
the volume of stored water into possible irrigation field
area, and electricity generation and/or number of households
to be supplied with treated water and possible rates to be
collected. Because of these reasons, the fishery projections
are usually left untreated.
Although, major decisions such as possible areas of the
reservoir to be cleared of trees and stumps to permit
zwooth active fishing and inclusion of fish passes in the
dem design to permit upstream and downstream migration of
Spawning fishes require decision taking at the pre-impound-
Ment level, nevertheless fisheries management and development
, are always possible in all reservoirs after impoundment.
This paper attempts to justify the above contention and to
ouiaine in simple non-technical terms the prospects of
colamereial fisheries in most reservoirs currently lying
Eallov,. in the country.using the strategy of exclusive
fikihing right licence raethodof management and development.
INFORMATION
small reservoirs ate already in existence in the
cuntre majority of which are owned either by the Water
Ce.rporion of most States or the River Basin Authorities
fee their massive irrigation projects. Those constructed
by the National Electric Power Athority (NEPA) are too big
to be utilized for the proposed "Exclusive Fishing Right
Licenee Scheme". Similarly, some of those constructed
eihe()N7 the River Basin Authorities Or.Water Corporation
of some .7.;"tates are also too big for the proposed scheme
being in excess of 1,000 hectares. Table 1 shows a list
of such reservoirs indicating their location, surface
area and ownership. These reservoirs are better managed
for publid utility with.the requisite number of fishermen
registered and licensed to fish in them under speified
laws Lkid regulations.
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Table 2 shows the existing number of small reservoirs
measuring below 1,000 hectares (10 km2) in most States of
the Federation. A few of these reservoirs have been
surveyed by the Kainji Lake Research Institute and would
therefore, be utilized for the discussion on the "Exclusive
Fishing Right License Model".
MATERIALS AND METHODS
Short term surveys were carried out in some of the
reservoirs to determine the species composition o2 the
naturally occurring fishes in the water bodies. The
surveys included:
Experimental Gill-net Suyey
Experimental gill-net survey using a standard fleet of
gill-nets with graded mesh sizes comprising 25.4, 50.8,
63.5, 76.2, 88.9, 101.6, 127.0, and 177.8 mm stretched
mesh sizes. The 25.4 mm mesh net was added to the tradi-
tional sampling fleet of seven mesh sizes (2, 21, 3, 31, 4,
5 and 7 inch stretched mesh sizes) 'each measuring 30 meters
long and 3 meters deep giving a total fleet surface area of
630 m2. The catch per fleet was usually extrapolated to
catch per 1,000 m2 of net surface area for the purpose of
standardization of the catch per unit effort (catch per
night). The 25.4 mm (1 inch) mesh was added for the
purpose of compiling a complete list of species in the
reservoirs including the small adult species not usually
captured in 50.8 mm (2 inch) stretched mesh size.
Frame and Catch Assessment Surveys
of Commercial Fisheries
Statistical frame and catch assessment surveys of the
commercial fisheries were usually conducted simultaneously
with the experimental gill-net survey in order to determine
the total number of artisanal fishermen exlploiting the
fisheries of the small lakes and their mean catch per boat.
The methods for the above surveys are as described in
Bazigos (1972) and Ekwemalor (1977). The objective of such
a comparison was to establish some relationship between the
catch per boat in commercial landing and the catch per
1,000 m2 of graded fleet of net in experimental surveys.
This was intended to cut down expenditure in field surveys
by using one to extrapolate the other.
Standing Crop Estimates
Cove rotenone sampling using fish toxicants were usually
conducted in the larger reservoirs in the country not
utilized, for drinking water. The survey involved the
blocking of unit areas of the littoral zones preferably
coves or inlets and applying the requisite amount of
fish toxicant to kill all the fish in the blocked area.
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The total number and weight of fish collected in the blocked
areas were then scaled up to biomass or standing crop per
hectare of the shoreline sampled. Often, the stations
chosen in most lakes for rotenone survey corresponded with
the stations sampled with the gill-net fleets. In most
cases, the two surveys were uonducted simultaneously for
purposes of direct comparison.
The comparision was also intended to save cost and labour
in field surveys if it became possible to extrapolate one
from the other. Since it is not advisable to conduct
cove rotenone surveys in small drinking water reservoirs,
such conveesion would be very useful in determinf.ng the
standing crop of fish in small reservoirs simply by
converting the catch per 1,000 m2 of net per night to the
corresponding standing crop (density and biomass of fish
per hectare). Such estimates were intended to supply
information on the current fish production status of the
reservoirs in order to determine the possible line of
management to adopt. The quantity of fish that would be
needed to stock any reservoir could then be determined if
the current fish density and biomass in the reservoir were
known.
RESULTS AND DISCUSSION
Relationship of Commerciál Catch per Boat to
Experimental Catch er 1,000 m2 of Net Fleet
Figure 1 shows a positive correlation between the catch perboat in the artisanal commercial fish landing and the
experimental catch per 1,000 m2 of graded multifleet gill-
nets with a regression equation
e 2.8 + 1.3 x and oorrelation coefficinet
r 0.7219
One poesible reason for the observed higher commereial
catch per boat compared with the experimental catch per
1,000 m2 of gill-net fleet is that the artisanal commercial
fiehermen spend more time fishing on the lake with assorted
fishing gears such as gill-nets, cast-nets, hooks and traps
than is usual with experimental sampling. Also, fishermen
invest more in the mesh size 'rof gill-net that catcheS the
greatest number of fish wherfeas the experimental fleet is
aimed at catching assorted sizes of fish with the aim of
identifying the most abundant size groups for the various
species. However, if the catch in any of the popular
meshes of the experimental gill-net fleet is scaled up to
cateh per 1,000 ma for the particular mesh size, the
result would always reflect a higher catch per unit
effort equal to or greater than the artisanal commercial
catch par boat.
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experimental catch per 1,000 m2 of the gill-net fleet
wasv however, kept constant in all sampling occasions
because of the inability of the research team to compete
with the commercial fishermen in both effort and assorted
gear types used by them. The philosophy behind the
constant experimental sampling method was that the experi-
mental catch per 1,000 m2 of gill-net fleet could be a
good index of fish abundance in any of the water bodies
sampled. Therefore, a high catch per 1,000 m2 of the
experimental gill-net fleet would indicate a corresponding
high catch per boat in the artisanal commercial fish
landing.
Care should, however, be taken in utilizing the regression
equation since the comparision is limited strictly to
artisanal small-scale canoe fisheries in inland waters with
relatively low efficiency gears but with increased fishing
effort. The regression does not apply in the case of
active fishing gears as observed in Jakara Reservoir, Kano
State, where the mean catch per commercial boat utilizing
beach seine net was as high as 110.7 kg compared with 4.5kg
per boat for those utilizing gill-nets, cast-nets and hooks.
The high catch per boat with beach seine was attributed to
the small mesh size of the seine net used (25.4 mm) thus,
catching mostly immature tilapias. Similarly, catch per
boat of artisanal fishermen using specialized lift net or
ring net in the brackish water areas for catching schooling
populations of migratory fishes could be relatively higher
than is reflected in the regression equation in this paper.
Mechanization of the fishing craft does not, however, affect
the catch per boat in the equation since the statistics was
usually collected from both mechanized and unmechanized
boats.
The significance of this comparison lies in the fact that
if a new reservoir is sampled experimentally, it wouid be
possible to predict what the artisanal fisherman was
likely to catch in the absence of a statistical survey team.
This information is important in the sense that a private
owner of a reservoir would be able to determine the
estimated effort of a commercial fisherman fishing in his
reservoir using the experimental catch record as an
occasional spot check.
Relationshi of Standia_Çr222.s12
Catch er 1,000m2 of Gill-net Fleet
Figures 2 and 3 show two positive correlations between the
standing crop of fish sampled and the catch per 1,000 m2
of gill-net in experimental gill-net fleets. The regression
equations and correlation coefficinets are
10.0 + 17.7X,
0.7922 and Y = 13.2 17.7X,
r - 0.8118 respectively.
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Figure 2 shows the relationship based on simultaneous
sampling programmes with the gill-net fleet set along the
shore very close to the cove rotenone station while
Figure 3 reflects a combination of the data in Figure 2
with records of gill-net data collected within the same
month after sampling the same locality with rotenone.
Contrary to expectation, a lower positive correlation is
observed for the former, possibly because the sample Bile
is small, than the latter. This notwithstanding, the two
regression equations give comparatively similar conversions
when Y is substituted for.
The significance of this comparison, lies in the fact that
it would be possible to estimate, even with a limited
degree of accuracy, the expected standing crop of fish in
domestic water reservoirs not usually sampled with fish
toxicants. Since the standing crop has been observed to
be highly correlated with fish density (Itae 1984) as shown
in Figure 4, it would be possible to estimate approxomately,
the expected fish density in the inshore habitats of any
reservoir sampled with the.gill-net fleet. This informationis useful in determining the level of investment heeded in
the quantity of fish fingerlings for stocking reservoirs.
Exclusive Fishing Ri ht Licence Model
Exclusive Fishing Right Licence refers to the process by
which a prospective investor contacts the owner of any
reservoir in his State or any other State in. the Country
to negotiate for an exclusive fishing right in the
reservoir before proceeding to invest money in the manage-
ment of the reservoir. Currently, most reservoirs in the
country are fished by a few or many artisanal fishermen
whose only interest is to catch whaterver fish is
naturally occurring in the reservoir without any regards
to the management of the water body for increased fish
production.
In a few of such reservoirs in the country, some artisanal
fishermen are licensed to fish by paying a token monthly
or annual levy to either the Water Corporation or the
Local Authority of the area. Such fishermen depend
exclusively on the natural productivity of the reservoirs
and because of the absence of Inland Fisheries Laws
stipulating rules and regulations for the fisheries of such
water bodies, they tend to over-exploit in order to
maximize profit.
In Fisheries Management, the major consideration should be
to maximize production in terms of fish landings without
necessarily depleting the stock. Maximization of the catch
in African reservoirs has been observed to be possible with
a maximum of 2 fishermen per boat per Km' beyond which the
catch rate was observed to drop (Henderson and Welcomme,
1974). Often, when there is a proposal for the State
Fisheries Departments to regulate the fisheries of their
water bodies by licensing the fishermen and eliminating
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the excess number of fishermen, there is usually the out-
cry for a possible loss of employment by most fishermen.
Experience4has however, shown that all fishermen are part-
time farmers but not all farmers living along a lake shore
are part-time fishermen. In the event of registration and
licensing of fishermen, most pare-time fishermen would take
to full-time farming if they find the licence fee
uneconomical. It is believed that the States would gain
immensely both in terms of increased fish production from
their water bodies and revenue from licensing if the
requisite number of fishermen are licensed to fish in the
bigger reservoirs measuring more than 10 Km2 in surface
area
In smaller reservoirs measuring below 10 Km2 in surface
area, it is proposed that such reservoirs be given to
prospective investors who are willing to pay not just a
token licence fee, but a computed annual rate in proportion
to tne surface area of the reservoir in question.
Given an exclusinve fishing right licence, how can a
prospective investor manage the reservolI Lo obtain
sufficient catch to offset his investment? ita and Sado
(1985) have estimated the potential yield of small reservoirs
to be about 100 Kg/ha/yr with little or no mangement and
about 500 Kg/ha/yr with adequate management. This in effect
means that given a reservoir of about 100 hectares (1 km2)
in surface area, it is possible to harvest between 10 - 50
tonnes of fish each year from such a reservoir. Estimated
at the current market value of fish at a an average of
N3.00 per kilogram, it is possible to realize between
N30,000400 and N150,000.00 a year on fish sales from such
a reservoir with minimal input during the first year of
operation.
Table 3 shows the financial analysis for the mangement of
a typical irrigation reservoir of sixe 100 hectares during
the first year of operation. Although the profit margin
after tax appears to be lower during the first year, there
is minimum input during the second year mostly recurrent
and some replacement of fishing materials. If the reservoir
is adequately stocked during the first year, no additional
investment would be incurred subsequently since the fish
would adapt and reproduce in the reservoi.c.
Table 4, however, shows three financial profitability
indicators used to assess the project. The first is the
Net Present Value (NPV) of the project which is positive
at N122,080.45. The second is the pay-back period obtained
at 2.1 years. This indicates that the loan of N90,000.00
to be sought from bank for the project will be defrayed in
25 months. The last is the internal Rate of Returns (IitR)
calculated at 40%. This shows that the business will
multiply itself at more than tripple rate of the bank loan
rate. The business is therefore, worth undertaking by anyinterested individuals or company.
Other relevant tables used in obtaining these three
indicators are shown in the Appendices i
- 3.
s!Y
CONCLUS ION
The potentials of small reservoirs currently lying fallow
in the country have been highlighted together with feasible
methods of managing them as small scale investment projects
using the method of exclusive fishing right licence.
It is hoped that investors will explore this viable area of
inland fisheries investment currently untapped in the country.
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larger than 10 Km2 or 1,000(From Ita et al, 1985). hectares
Reservoirs State
Surface
Area
(Me)
Onwership
Kainji Reservoir gWara,
Niger &
Sokoto 1270
Jebba Reservoir Niger & 350
Kwara
Shiroro Reservoir Niger 312
Chalawa Gorge Kano 101 W.R.E.C.A. of gano State
Gari Reservoir Kano 33 -do-
Jara Reservoir Kano 17 -do-
Ruwan Kanya Reservoir Nano 15 -do-
Tiga Reservoir Kano 178 -do-
Thowas Reservoir Kano 15
Kontagora Reservoir Niger 35 Niger Basin Authority
Gym Reservoir Ogun 40 Ogun Oshun Base Authority
Owuna Reservoir Ohdo 15 State Wate.r Corporation
Asejire Reservoir 01,0 24 State Water Corporation
Doma Reservoir Plateau 12 L/Benue Basin Authority
Bakolori Reservoir Sokoto 80 Sokoto Basin Authority
Goronyo Reservoir Sokoto 200 -do-
Rauranamoda Reservoir Sokoto 22 Min. of Water & Elect
SuPPlY
Table List of existing reservoirs in the country
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Table 3 - Projected profit and Loss Account (N:K)
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Particulars
Years
2 3 4
Sale of fish (income) 105,000 105,000 105,000 105,000 105,000
Less operating cost 24,000 24,000 24,000 24,000 24,000
Operating Profit 81,000 81,000 81,000 81,000 81,000
Less Depreciation 6,000 6,000 6,000 6,000 6,000
75,000 75,000 75,000 75,000 75,000
LeSs interest on
loan at 14% 12,600 10,080 7,756 5,04 2,520
Profit before Tax 62,400 64,920 67,440 69,960 72,480
Less 45% Company Tax 28,080 29,214 30,348 31,482 32,616
- Net Profit after Tax 34,320 35,706 37,092 38,478 39,864
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Appendix 1 - CASH FLOW STATEMENTS
Particulars
1 2
A) Cash Receipts
Loan from Bank 90,000
Sales of fish 105,000 105,000
Total 195,000 105,000
B) Cash Payments
Fixed Capital
Building (Store
& Guard Post) 10,000
1 Boat 2,000
1 25 H.P Engine 2,000
1 Freezer 2,000
1 Pick-up Van 20,000
Fingerlings (100,000
@ 30K each) 30,000
Total 66,000
C) Operating
Capital
Fishing nets 3,000 3,000
Poultry manure
(50 tons) 5,000 5,000
Labour 8,400 8,400
Contingency 4,600 4,600
Fuel and Lubricants 3,000 3,000
Total 24,000 24,000
D) Loan Repayment
plus interest at 14% 30,600 28,080
D) Total Cash
Cashflow (B + C + D) 120,600 52,00
F) Expected Cash
inflow 74,400 52,920
II Loan Repayment schedule
40_
7:s Principal Interest at 14% OutstandingBalance
o 90,000
18,000 12,000 72,000
2 18,000 10,080 54,000
18,000 7,560 36,000
4 18,000 5,040 18,000
5 18,000 2,520
Total 90,000 37,000
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Y =2.8+1.3X
r =0.7219
5.01-0 2.0 3.0 4.0
Catch (kg ) 1000m2 of gradcd gill net flact.
Fig. 1. Comparison of the artisonal commercial daily fish
catch per boat ( kg )and simultaneous catch per
1000m2 in graded experimental gi.11-net fleets-
( Dato from Jebba Reservoir and some reservoirs
in Kano State).
o
170.0
150.0
130.
110.
300
10.0
o
e
o
o
e
o
43
o
e
a
\y- 10-0+17-7X
r 07922
1.0 21-0 3:0 1:0 50 60 7:0 BO
Catch (Kg) 1 000m2 of graded gill net fleet
Fig. 2. Comparison of standing crop of fish per hectare in rotenone samples
and simulteneous catch per 1,000m2 of graded experimental 911nel
fleei al Tiga and Oguta Lakes.
/70.0
150.0
/30,0
900
C7A
30.0
10 0
e
o
e
o
0
e
o
e
e
o
2-0 4.0 50 6:0 7.10
Catch (Kg )1000m Qi graded gill-net fleet
Fig. 3- Comparison of standing crop of fish per hectare in r01/4none
samples ond catch per 1,000m2 of graded experimental gill-net
fleet of Koinji1 Tigo ond Oguto Lokes.
* Samples from Kainji Lake were not collected simultaneously
but within the some month ond at related stations.
o
Y-13-2A-17-7X
r 0.8118
3.40
3- 20
1 00
LOG ICHTHYOMASS
1. 995+0.787 X
r 0.868
Fg 4. Relationship between the ichthyomass and density of fish
sampled by rotenone in blocked areas. in Kainji Lake(1976)
1.59 1-70 1-90 2.10 230
